Abstract. The work presents the results of experiments on the diamond gas-jet synthesis from methane and hydrogen mixture, flowing from coaxial channels under the following conditions: temperature of the hydrogen activating surface of 2400 K, pressure in the deposition chamber of 20 Torr, different gas fluxes, and different CH 4 concentrations. The Direct Simulation Monte Carlo method for numerical analysis of experiments was applied.
Experiment
Spitsyn [1] was among the first researchers who studied chemical crystallization of diamond during the separate feed of interacting flows at the beginning of 1970s. A growth rate of 1 P/h was attained on a diamond nucleus crystal using the flows with activated H 2 and CH 4 . The low rate can apparently be explained by insufficiently high temperature of the tungsten activating surfaces and by inevitable effect of carbonization, viz., the deterioration of catalytic properties of the tungsten surfaces. The information on the effect of carbonization of the surface on the synthesis of diamond coating can be found in [2] . In the case of hot-wire chemical vapor deposition (HWCVD), the activated mixture of hydrogen and hydrocarbons is formed in single collisions of initial gas molecules with hot surfaces of heated wires. When the initial gas flow is activated on an extended high-temperature surface, multiple collisions lead to deep dissociation of hydrogen and decomposition of methane. This concept was realized in [3] [4] [5] [6] [7] .
For the gas-jet deposition of diamond structures, the reactor with a high degree of dissociation of the hydrogen flow was elaborated and manufactured. The detailed description of this reactor ( Figure 1 ) is presented in [7] . The experiments were performed under the following conditions: the pressure in chamber was 20 Torr, and temperatures of the tungsten tube, substrate, and tungsten capillary were 2400, 1300, and about 2400 K, respectively. The hydrogen flow rate in the annular channel of the tube 1 was 1500 sccm; the flow of mixture H 2 + CH 4 with CH 4 concentration of 0.3-1% was delivered through capillary 5 with hydrogen flow rate of 500-1500 sccm. The example of crystals when the flow of methane is 8 sccm is shown in Fig. 2a . The increase of the methane concentration leads to the growth of diamond crystals (Fig. 2b) . These results of experiments were obtained for hydrogen flow through a capillary 1500 sccm. Fig. 2 . a) SEM photo of crystals; b) the growth rate of crystals.
Gas-dynamic modelling
To understand peculiarities of deposition from such coaxial source the simulation of the flow was performed by Direct Simulation Monte Carlo method [8, 9] for conditions of experiments. One of the main results was the data on atomic hydrogen flows in the space from source exit to the substrate. The calculations were performed for the mixture of H 2 , H and CH 4 . Algorithm parameters were chosen according to recommendations of [10] .
The calculation domain includes channels formed by cylinders with diameters of 3 and 13 mm, and space surrounding the substrate, which is located at the distance of 10 mm (Figure 3a) . The used temperatures were 2400 K for spiral and internal cylinder, 1800 K for external cylinder, 1300 K for the substrate. Hydrogen flow rate was 1500 sccm in both channels, and methane flow rate was 5 sccm in a capillary. Data for heterogeneous reactions were used from [11] [12] [13] . The hydrogen dissociation in the capillary was neglected because of carbidization of internal surface [2, 3] .
Three stream lines in Figure 3a give contours of the atomic hydrogen flow in the computational domain. The radial distribution of the dissociation rate (K = n H /(2n H2 +n H )), a b
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4 where n H2 and n H are the number densities) (Figure 3b ) shows very fast smoothing K inside the jet with approaching a substrate. It is explained by high diffusion velocity of atomic hydrogen. The illustration of the radial distribution of specific flow nV and density for H 2 and H is given in Figure 4 a, b. 
